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1. l]~troductioll

‘1’licvr II[is I)ccll t\II il)clcasill~;  il]tc:lcsil  ill tllc l]licrowavc ]Jzlssivc  l)olzililllctly of gco]Jl  Iys-

ical IJlcdia  [’])sallg,  1 991]. ‘1’l)cx)~etic:il talc.lllatimls fol tllc StC)li{!S l)?i I’alllC!tCIS Of tJll C! il]Cllll:tl

(:ll)issio))  lIav(: l)cxII  l)lmclltcd fol OIIC- dilI]Cllsiollal  l)uioclic. dicl(xtric suIfac.cS  ill [VCJ’SOF;lU

Ct! al., 1 993], aIJd  for olIc- dil)lcl)siollal ocxal]- like louglI sul facm wit]l {i l)rcsclil)cxl  ])cmc!l’- law’

s]Jcxt,IllIII  i]] [} ’ucII aIId ]{wok, 1992a;  JOIIIISOII et :11., 1  993]< ‘-1’lIc tllcwrctical l)ldictiolls

Wclc  l’crificxl  l)y tl]c III CXSUId  St,c)kes  ]J:(lii,lllct,(qs  of I] ICIIII  a] mllissioll fro]]) ] )Cliodic s o i l

sllIf{iccs  ii{ X l)LiIId [h~gllimn Ct al., 1 991], alId  ll)czis~~lclllcllts  over Watjc:r surfticcs ill]] JIwsscd

with  :i fil.)cv~;l:iss laya with  a  sillusc)ida]  l)lorllc ?it KU l.ial Id [Yudl Ct /i],, 1  992] allcl ?it X

I)a]ld [Jolmsml Ct a l . , 1992].  A l l  tllc rcwu]t,s SIIOW tll~it tllc StokCs l)altillldmx aIC fullc.tiolls

of t,llc ay,il]lllt,ll ?iII@c  bctw~~lj  t]lc obscIvat,ic)ll  dilcct,ioll aIId {Ille corIuF;at,ioll  (Ii]r.ctic)]l  of

Surf? icc!s. IIcnvcwcr,  fultllcx til]zilysis aIId cxl)cxilllcnjts ~irc IIcx.cxs:iIy  fc)l t~i’c)-clilllcllsic)lltll

rcnlp;ll Surftlccs,
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] )irical  wavcIIIIIIllxn  sl)cctmlll

V ]  (liscllssw  iss~lw  datc(]  to
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usi IIg oIIly d a t a  witfll mlc azilllutll  look. Scctiml V]] suln111ali7,[:s tlIc results of this ])ZIIJCI

al]cl disc.llsscs tlIc rc.ll]aillillg issues IcF;aIcliIIg  tl]t: a])])licatio]l  of ])c)l:i]i]llct]ic. 1 acliol))ctly  fol.

OC(’{111  wind  v e c t o r  Ict,li(:v?l].

I“c)r  lIlic.rowavc  ])c)l:lli)lIetlic  ra(liolllctry, tl)elll)al  mllissiml  i s  dcscril)ul I)y a  St,okcs

a s  tlIoscusd  ill [}TUClI d a l . , ]088]. ‘j’jlC :llIF’llltlI’1)1’~C,kCtS  dC’l)OtCt,]l(!  CllSClll])]C  ~VC1’tl~C  [)f,

tjllc al~;ulllclIt,,  iIIIcl c’ is  a ])lc)})c)ltic~ll?ll  CO IISt, alItl [}’ucII  aIId Kwok, 1992? 1)]

IIcsidcs i,llc al.)017c  dcfi]litio]], [III altcrl]atrivc dcflllitioll of tl]c. S t o k e s  vcctjor  lJiIs a l s o

lKuI Widclyllscdil] Imllotcsrl)sil]g [rl’szil)~ct  :)1., 198  L]:

(lb)

ou’cvcI, this (Icfillitiol] Jvill ICII(lCI

frmll  Sl!l[lll-scale sea Sill’faces at



fllllc.tiolls.  llcIIcc, to t,lIc sccc)IJd IIarll]ol]ics c)f ~,,

1 E’ 10-1 1] 03s  4-1 I? (’.0s 2fi

Wllcni  tllcrc is Ilo ul)-  aIld dmvl)-willcl  asylnlIlctIy ill t,l]c sllrfacc fcaturm, for CXaII-I])lC,.

syllll  Ilc@

1s(()) : 1s((/) -1 71 ) (3)

ilsylllll)dl’y.



IS : 12-  1,

wl]crc IZ is tllc S t o k e s  vcc.tor fw al] Illl])olalizd radiatiml

(5)

(G)

lICI”C, O :Ill(i 4 sigl]ify  tllc Z,cl]itl] and  nz,illllltll  t~]lglcs of tllc o b s e r v a t i o n  dilcctiol).

1 1 1 .  S1’h4  for anisotro)]i~ raIIdoIn rough surfaccw



A S t])c S]’N4 is a])])]ied  tc) Ia]IdOIII  ]ou~;]j sl]]f[~c,cs, I,]Ic sc.att,clxxl  ficl(l cal]  hc CICCOTII1)OSU]

i)lto collcrm)t al]cl illcollmcllt c.oll]l)c)llc]lts. ‘J111C7rCrC)tl]-C)rClC]S  C;IttC]CCl field is a collcrc]]t

ficl{l])lc)]);igtitillg;ill  tllcs])cc.lllall cflcctic)llc]i lcc.tjcJll\\~i t]jc)llt clc-])ol:llizzitic) 11, c.ll?ll{ictclizc<l

l.~~zt]lc ]{`lCsllc]l cflec.tic)llcc )cfficiclltS~t  \j~:ilJC ~~VO1  ‘(o) fc)ll]c)lizc)llt: il[lllcl~~cltic[il ])c)l{~li7,z~tic~lls,
.,

rcsl)ectivcly. Ilowcwc.r,  tl]c fi}st-c)ldm sc.att,cnccl ficlcl i s  illcolle]cllt, a]ld  col)t,lil)lltcs to tllc

II)wc:st-mdcr illcollcrcljt l.)istatic sc:ittc)ill~; co(flic.imltls. A s  tl~c SI’N4 is dmivcd to SCCO]]CI

01’(lcl  for sulfac.cs wit,]) allisot,lq)ic dircctioll[il S})cctra, \\’c! find that tlic Sccolld-oldcl’ scat-

tCTd fidd i s  C.c)llcrcmt,  allcl giv~s E( cc)llcct,ic)lj  t,c) t]lc c,c)]lcl.~llt, Icflec,t,ic)ll cocf]icicllts of t,]lc

Sllrfac,cs. }“urtllc!rlnorc,  tile Cross-] )c)lalizcd C,o]ll],ol,cllts  C)f tl,c scc[)llcl-  ol’(lc!I’c c)l,clcllt fi(’ld

:Il”c ]Iotf zero  Wllcu]  t]lc: illcidcll{,  (Iilcct,ioll  i s  Ilc)t t~]i~;llc.d  wit,]] t,]ic syll)l)letl.y dilcc.tiolls o f

Sul’fac.cs.

(8)
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Give]]  tllc a b o v e  rcsu]ts, 1,. call  hc dcc.o]ll])osd into I,.r a]]d 1,~, tlJc collcrcl]t and

illcx)llcrcllt  IMcctivitics of sulfacm, rcs])cc.ti~’dy.  ‘J’llat i s

1,. = 1,.(. -1 1,.~ (13)

(12)



I V .  (~om]>nrison  of the S1’h4  wit.11 tile h40]lt.c: (;:(r]o simulaiio]l f o r  tllr Cmission from

1-1)  rc)ugll  sur faces

111 ol’dcr t,c) ver i fy  Lllc accuracy of tl)c St,okcs  vccto] de.rivrd IlsillF; {,llc s c c o l ] d - o l d e r

S1’h4 f o r  al)isotlo])ic )mldc))n  ]ougll SU]LIC,CS, w(: c.a]ly out a  h4011t,c  CIa]lo  sillllll;itioll for

tl)c ])olalilnciric cll]issivitics o f  c)llc-clilllcllsic)l)z~l ]tl))do]])  ]011/;)]  sllrfaccs wit])  a ])ol!’cr-  law

S])cc. t!l’1111”1,

111 sillllllatillgtllc mug]]  s u r f a c e s ,  tllc s[l]fidc.c sl)cctlal (lc]lsit,y fullctiol) is assullld a s

follows:
-.

w(k2,k,,)= J:k;. %(k,..  71):/)  fi(kl,) (13)
11: 1



I’alldolll  Sul”faccs,

I“i/;lll’c  2 il]ustratcs tllc StOliC!S ]Jalall]ctcrs a s  a  fullc.tio]l  o f  tllc a7filllutll  :111~1~  @ fol’

IIadir vicwillp;  (0 T O dcgrcm). ‘J’lIcrIIIs surfi~c.  cl]cigllt, i s  A/IL,  Vrllicl] CaII l)c trallslatd

into k~u : 0 . 4 1 9 .  ‘J’llc  didcc.tlic. cxn)stallt  o f  45-1  i3(l  i s  ZISSUIIICY1 for tlI(:  surf< lccs. ‘1’IIc

IYXIIltS t a l c . u l a t c x l  by usillp; tllc: SI)M arc ill C1OSC agrWIIICIIt,  wit]] LIIOSC ol.)tailld f~c)m tlIC

hflc)l)t  c~;zillc) sillllll~iti[)]).  A(l(litic)]l:lll~~, itisf()llll(i{,] l:ltt]lCS t,[)l<csl )aIz~ll-lctclsllt  i\'czlc.()s2~)

variatic)ll ill azi)))utll  fc)r 7j, aIId 7\,, sil12qi for  2Jj a.IId z e r o  f o r  1~, wllicll  aIC w-q)c.ctcxl for

l~adir vicwillg (SCC %c.tiol) V] for clcitiilc(l  cxl)la~]atiol)),

I(I



’ 11 0  dcl IIolIstlaic  ilIc  signific.allcc o f  tl]c c.olrcctiol]s illtlrocluccd  l)y tl]c sec.c)l]cl-olcl<’l

collclu]tl f i e l d ,  wc illustrtit)c  tl]c Cx)lll])ollcllts  of tllc lcf)cctivity \Tcc.tors, 1~, I,. c, al]cl l?.;, ill

l“i~;ulcs  “i a]]cl 8 for tllc r e s u l t s  ]Jrcsclltcxl ill F’igum  3 allcl 4 . N o t e  that tllc Illag;)litu(lcs

o f  illcdlcrejlt a]ld  collcrcllt COIJI]W]ICII{,S  o f  /1 alwtiys  illclr:lsc or dcc.rcasc  tcy;ctllcr, wlli]c

cztllyil)r;  a dif~cmlt si?;ll. 1]] l)alticllltil, tl]c tot~il 11 is a l w a y s s]]]allcn tl]all citllcr ol]c  o f

{Il]clll. ‘J’llis  s n o w s  tliat it is IJcxcssti]y  {0 i)lcllldc tl)c corrvctio]ls duc to tllc sccx)]lcl-orclcl

C.C)llC!lT!llt  fidd ill t h e  C.alculatic)ll of tllc StC)liCS  VCCtOl’. otllowisc, sigllific.allt.cl~c)ls arc~

Cx])cctcd ill Ll]c ]nag])ituclc a)ld tl]c signs of tllr third S t o k e s  l)arallictcr.

v. l’;mission from S l m d l - s c a l e  sea Surfac.e.s

‘.l’l]is wxticm ])rcscIIts tlic I csu]ts o f  t,llc al)])licatioll  o f  tllc S1’h4 to tllc Il]ltiltcd sl]]all-

scalc sea  s u r f a c e s .  AILIIC)UF;lI tllc tilting cft’ccts  o f  tl]c ltiIF;c-sc:ilc surfac.c  variatiml a]ld

Otllcl sca surfac.c fcatulcs,  sllc]] 21S fo;ll])s, tIW llc)t, cc)llsid~rccl,  wc dc) ]lc)t cxl)cc{, t,]lat, t,l]c

(lircctiollal sigl]aturcs o f  t]lc St,c)kcs vcct, or I JIdic,t ml ]ICIC (Icviat,c  sigI1ific;\Ilt,]y  flc)ll) t,]losc

wit]l  tl]csc features C.ollsidmd.
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otllawisc.. ‘J’l]is  is a t,y])ic.d a])})mac.1)  ~Iscd l)y two scale sca sur face  scattering II IOCICIS. ‘J’lIc

Cutofl” w}~v(’lllll]]ljcr  is sclcc.bxl ill SIIC]I [I way  that  L’oo equals to a  v{il(le of ( ) .  ?5. otl]cr

clltof]” sdcctim)s (koo bctwcm]  0.2 a]ld  ().3) lIILI’C also be stuclicxl, a]]cl tl]c si$;l]atllrcs lclllaill

sil]ljlar to tllosc c)f kocr z 0.’2{). Notlc tllot tllc cutofl” w:iva]lll]]l)c] a c t u a l l y  dif~ms flc)ll) o])c

willcl sl)cccl  to al~c)tllc.] lmcausc wc lIOICI koa as a collstal]t fol tl]c sl)cc.tra  of al] wind  sl)ds.

‘J’lJolIfI;ll this ]na-y l)c~t bc t)lc bes t  way  to se lec t  tllc wavc]]ll]lll.)cr  c,utc)fl’,  wc CX})CC( that,  tl)c

v;ilucs t a l c . l ] l a t d  flc)l]l this cutofl” sclcxtioli g ive  a uscfll]  illdicatlio]l  of tllc si~llat,urm o f

sea surface cnllissimls. III additic)ll, tllc accur:(cy of tllc SI’M caIl  bc cIIsurcd bccausc tl]c

Valllc 0 .25 is  sjnal]cr tllall tllc values USCX1  ill tllc ])rcvic)us  scctioll fol. tl)c Vcrificaticnl  of tllc

S]’hf. ‘J’]lc  slllf?~c,cslj~,c,tllll)l  ~);IIaIIICLCIS  lq)oltcc]  i]) []) UICICII  aIId Vc!sccky,  ]gs{j] amusd

ill this ~):~])cr  cxccq)t t,llc ~)ar;i]l)ct,c]  ao, wllicll is illclcascd to ().0()8 froln 0 . 0 0 4  o f  l)uMlc.11

aIId Vm+cck.y ill orcle.r tc) ]lavc. tllc II)agllituclc  o f  t]lc ])cal(-to ]vcmk variatio]l  of 2)1 a]ld ~~,

o v e r  azilnutll a]lg]cs  agrcxd  wit,]] t]josc rq)ortcd by l<;tkill ct al .  [1 991]  ti]]cl IVmtz [1  992],

a]]d tllc values of 11 CO II I1)aIal.)lC, to {l}OSC sl]om’11 i]] [1 )xu Ia ct a]. , 1992]. It is  Lclicvcd t]iat

I):trt. of  this discrc})allc.y ill s])cc.tral  alnl~litllclc  is duc to tllc Ill]ccrtaillt,y of  tl]c sca sl)cctra

at lligll  wiI\T(:IIIII Ill)c:Is , wl)ic])  aIc I jot y e t  W C] ]  ul)dcnstc)od,  aIId l)art o f  t,llat  i s  (1UC  to tllc

sea s i l l . face  feat,  urcx Wllic]l am l)ot,  acc.ou  Ilted  for ill this  l)? L1)CI.

Ill F’igurcs 10 allcl 11, wc illustlatjc illc l“(m]ic]  cx])allsioll cocfIiciclJts of  Stokes l)alalIJ-

Vtms as fullctiol)s o f  wind  s])cccls  at, valiolls 7,cl IitlI al]~;lcs wit]]  tjl]c sllrfacc lJtllalIlctcls  tllc



l“igurc  1 1  i l l u s t r a t e s  tllc cocfljcicllts of tllIC sccoIId llaIIIIoIIjc.s as fullcttiolls of wind

S]) CMIS. AS  oq)cctcd, tllc Inagllitudm o f  Q2 aIId (J2 jIICICaSC  a s  t,]lc wiljd  Sl)cd  illclw]scs,

I)mallsc o f  tllc illcrcasc ill sulfate  Ioug;lIIIcss  tit llip;l)cr wind S1)CCCIS. 11’ll]tllc]l]lc)lc,  lq i s

mm iit O = ( )  dcglwc,  al]d dcvizitcs  floln Y,cm :is tlillcre:ises,  il)clic?itill?;tlltii {Illc])zll;lll)ctcl

I i s  il)scnlsitivc k) tllc willcl c]ilcc,ti(n]  at IICaI Iladil aIIg;lc.s. AIlotlIcI illtclcstil~~;fczit~l~c  is

t]lat, Qz is al)lJroxiInatcly cqua]  to tlIC ]Icg;:itivc  o f  /)2 for O sIn:illcI tll:ill 20 dc&mx. ‘1’llis

]Cliitic)ll w i l l  bc slIowIi  to bC rxzict, fo] O = O dCgIW ill t,llc IIcxt scctioll :iIId cxl)l:iills tllc

azilllutullzil  sigl]a.tums illustlatcd ill }$’igurc 5 ill [I)zu  I.a c.t [il., 1992],

1 1 1  Sllllllll  Zil’~, tll[$ tjllmretic.?il  Viilllcs  of StoliCS l)iil:illl(tcl’s Ilc{ll’ ll?~dir zillglCSfOl’  SlllZlll-

13



(14)

Sc.al(! sea Surfac,cs  C.:i]] l)C a])proxilllatcd a s :

1 w a~ -1 g(u]g,h)

Q - Q() -1 h(u]g,~) Cos 2dJ

(J - -  l~([ll$),:))sill  2?#

1~ P’ ()

]Iclc, g  i s  a  llloI1otloIlic.  il)c.rcasillg  fullct,io)l  (a])])lc)xi]]lt~tcly  lil)cal)  o f  tllc m’illd sl)cd at

1  f).b IIlci,crs  (U~g,~),  wllic]l  is collsistcvlt wit]]  t,]lc tlilclztft-ll]c;is~llccl wind  S])WC1 Clcl)cl]da)cc

[Sw+aki, 1  987]. I*, additio]), }~ i s  a l s o  a  quasi-  lillcar fullctiml o f  UIg.L ac.cmrdillg  to tllc

IJ]cc)rctical resul t s  ]))csc]ltcd ili l’igurc 1 1 . NcvcItllclcss, sillcc tllc tiltil]g cf]”ccts o f  tl]c

l:trgcscalc slllfzicct c)gct]lcrw itllot]lc]sl llfacCfcz ltLll.cs]]t  lI~Cllc)t 1.)CCII col]sidcrdi al]d sil)cc

tllc l$~iil~cllllllll.) cJc.llL(jf]’l ]layl  lot I)c :\])l)]c)])]i:lt,cfc)l:~]l  Willcl sl)cccls, II is]ikdy to l)C a Illol’c

c.olll])lic.atld  fullc.t,ioll  of wil~c]  s]xd for adllal sea s u r f a c e s .

VI.  Single-1ook ])olarimetric  racliomci.ry  fc)r wind vec.tc)r  retricwal

II C1’C, WC d i s c u s s  t,ll~ c.ascs of ljca] l)~lc{il vicwillg L)ccttusc  of t]lc Vcly  sil])])lc fol’111 of

tllc IIloclc] fullciiolls dcscrjbccl by ]I;qllatjc)lls  (4) Or (] 4), w]lic]l  allo~~rs a]) casia Cx])lal)atioll

of C.mlc.q)t. NcwcrtlIclcss,  it is cx])cctcd t])at, t]lc idea is  a]so a])]) licablc to ]argcr illcidcllcr

:II1$;lCS,  tllou:;]l  tile golma]  forll)  of IIIodc]  fullc.tioll $;ivcli l)y IIkl.  (2), w])id) ill)] )]ics  a II Ic)rc

col)]l)licat,cc]  illvcrsio]i ] )roc,eclllrc., ]]as 1,0 I)c col)si(lcrcxl.

]IJ tllc followillg;,  wc clcri~’c tllc fullct,iollal follll o f  tl]c St{)kcs ])alalllct(ls a t  tllc IIadir
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fro]]] }<k]. (] 4 ) .  Note that, t]lc abcwc  cquaiioll l)lovidm follr so]utjmls for ~ forlllill~ a rcct-

:illgular cross witl]ill a 3CJ()-dcglM azil~lutll] sl)a]]. Ilcmwvcr,  two o f  tlIOJl  call  l)c dill)il)atcd

1 )y illsl)cctjllf; tl]c sign of [), wl]i]c  tllc ~c.l]]:ii]lill~,  t,wo difl”w f’Icnn cacll OLIICI by 380 dcg;Iccs.

‘] ’]lis S]IOWS  t]lat  t]lc!  StKZilI’)]iIIC  C)f t]lc ~villd fic]d  call l)c! ulliquc]y  {]cfil Ic!d \Vit}l a S;ll F;] C-]OO]i

cc)l!figill’t~t;c)ll by II IcasuI”i IIg t})c first t~lrcc Stmkcs  IH”alnctcv’s  at IICa I” ll~iclil’  ~IIIf’;l~s.



1{’01 tllc cmx:s  of ofl~l)adir  vicwillg,  tlIC /;cII(:ral  for]]] of tllc II1OC1C1 fullctiol] sllowl ill I;q.

( 2 )  ]Ias to lw takc,~  into cc)~,siclel:,tic)],, due k) tllc fact that tllc c)cl(l-liarlllc~llics ill tllc 1~’oulicr

mlml)sioll O f  tll[!  St<)li(!S ])aralllct,crs arc l]ot, Cx])cctccl  to bc llcg]igil)]c a s  illdic,atd I)y ilic

SSM/1  data (0 z 53°)  [WCIItz,  1992].  ‘J’]lis  illcmascs t]lc C,ollll)lexity  of willc] vcxtor illv(:lsio]l

I)CC;I1lSC  t}]c Cclllatiolls fol wiljcl dilwct,ioll  :IIId s])c(yl aIc 110 lOIIgCI dccoLI])ld.  }Iowcvcr, tlllis

u])- alIcl  dmvll-willd asylnlllctry II]ay a c t u a l l y  l e a d  t o  Llic ul]iqllc clctclI1lillzitic)ll  of wincl

dilmtiol], Ill)likc  tl)c cases of  near nadir al]glcs, w])crc  two  allll)iguit,ics with a 1 80-dcg;Icc

difl”cr(:)lcc CaII IIot, I.)c rcxwlvd without ,  additiol]al iIJfc)rl)l:itioll.

V ] ] .  SuIIIInaI-y  al~cl l)iscussions

111 t)iis  ]): I])[!l’ ,  a sccc)II(l-c)lcl(:l  SI’M i s  ])lcscl]tcd  to aIIalyzc  tlllc  l)olarilnctjric  cll]issioll

fro]ll twO  dill~cllsiollal lalldol]l  ]011/;11 s u r f a c e s  1$’it)l all illlisotro])ic. (Iircc.tiollzi] s] )Cctlulll.

‘J’llc  acculacy o f  t,l)c S1’M  calclllatio]ls wzis quallt,ifid l)y t,])c h401]tc  c;a]lc)  silnlllaiioll tdl-

IIiqllc fo) tllc clllissioll frc)lll OIIC- flilll~l)siolla] 10up]I sulfacc,s lvitll a ])owm law  s]~cc,tllllll.

slll)S(’[] llCllt]J~,  \VC :1])]  )]*Y t]l C SI’M to i,]]c S1ll?l]]-SCa]C!  S(!?i Surfac(!s, aIId  der ive  tl)c l]]odcl

flll)ctliol]  of Lllc Stokes ])alalllctcm of sca surface clllissio]l.
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‘J’l Ic ICSIIlt S of tl)is ])a])(:r il)(lic-atc  t])at tlIe l):issivc  l)olalilIlct~Y  is a l)loll~isi)l$;  tcclllliqllc

fol tllc rclllotc scllsillg  o f  occalI Willcl vcctoI. 1 low(wcl’,  Scvma]  iss(lcs IIOt addrc.ssd il I this

])a])cu l)d fultl]cr i)lvcstigatiml  ljy citl](:r ]IIOIC (xt,cIIdcd  t,l)cwrctic. a] al]alyscs c)] ]ncasllrc-

])1[’IILS k) dc~cllllillc tl)c Illodc]  fullctioll o f  StOliC$ ])aral]l(:tcls. 11] tl)is rc~fir(l,  cxl)clilllcvlts

S11011]{]  l)C! C,al’1’id C)l]t  f<)]’ SC:I $111’f:~c~  clllissi[)ll  :~t a ]H1’gc l’all~c  Of  01 )S(’1’Vatioll all&]cS () fl’0111

( )  11]) to 60 dcgrccs, wllic.1) arc illl])c~rtal)t  fol s]):~ccl)or]]c  rcll)ot,c scl]sil)p;  a])l)licatio])s.  11]

aclclitioll, tl)cmwtica] analysis  SIIOUIC1 bc CXtC21dCd to acxc)llllt  fo~ tl)c i,iltillg; cfll:c:ts  of large
~

sc.alc  surfac.cs  aIId CA]lCI’ SCH sLIIfaC(!s fcatl]rcs, SIIC]I as fc):(]l]s. A]]ot,llc] issue is t])c sdcctim]

of {41]C o])clatio]la] frcqucllcy l.)a])[] of t])c radic)]r]rtcl ]I]cas(l]c:]]lc:l]ts  fo] OC.CaII  wi]ld  ficlcl

[ll)l)lic.t~tic)lls. 111 Otllcr w o r d s ,  tllc s e n s i t i v i t y  o f  wind SIJC.CC1  a]]d (Iircc.tioll  vmsus tllc llli-

crowavc frcqucllc,y sl]mlld  Iw ddmlnilld. l“illally, tllc dcsigll of a ])olarilnctric radic)lndcl

wl)ic.11  is C.al)ablc of IIlcasurillg at, lczisi, t])c, filst tl]rcc St,o]fcs ])alalllct,c.ls  w i t h  t]}c rcqllilml

accllracy al]d stal)ility sl]ou]d  l)c stlldicd.
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AI)pCIIdiX 1 .  l’olarimetric  bistatic  scattc;ring  coefllciel~ts

A COS Q;

A]J])c:IIdix  11. 1~’irst-c,rdc>.r  scattering cocflicicnts

2(1



Wllcrc
L-oj : ko s i l l  o~

Al)pc.nclix  111. SCCoIId-OrclCr  scattcrjng  c.oemlc.ients

‘J’IIc corrcxtioll tcm]ls o f  tllc c.ollcrcllt  ldlcctioll lllatrix duc to t]lc SW.OIICI-OICIC).  scat-
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A])]) cIIdix IV. l’;mpiric.a]  sea surface sl)cctI.um

‘J’IICSIIIfaCCSI )CC.tI’LIIII  l)rcq)c)scxll)y  l)urclm ancl VCscxky [1985]  fc)r k >  kj : ‘2 i s  givc)l

W]l CIT
~ fllo.P;, o(k/kj)

( )

~ UMl+
s(k): (1(,);- -

g+

o(l:,~))= 1 - 1  C(I - c- ‘k2 ) Cc)s 24

IICIC, fg+ : g-l yk2 with-y= 7 . 2 5  x 1 0 - 5  aIIdg= 9.81.

U(2): ;;; k)g(;[))

Z(} = ().()0()0684/1/, -1 (). ()()4287 [:- 0.()()()443

I-Ii’ ‘2
~,
()i-l I( (I - ]))

~i: ().003-1 0.001 WU(12 .5)

0.00316 [)(12.5)



Nflisj)rillts  ;IIC found ill tlIc: Cqllatiolls fol Z~, c, aIId II’ ill tllc l)al)cr l)y 1  )ul(lclI al]d Vmccky

[1985].
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]JiSt, Of]{ ’i/;UKS

l“igurc  1

l“i:m’c  !2

Niglll’c 3

l“igurc 4

l“ip;m’(! 8

l“ip;lll’c 10

l“ip;ul’(’ 11

(;c)llfiF;lll’ll  tic)ll.

~c)ll)])zilisc)llc  )fillcl) c)l?~lill)(:tlic~t(  )l{cs\'cc ic)ls\'clsllstllc  zizil]lut]] allF;lc+c.al-
culatlcd  by using  Nflo]]t,c Car]o silnlllatio)l  /IIId tllc  S1’h4 f o r  c)]lc-(lilllc]lsiol]al

l)clic)cliclallclc))ll  IOugll surfzic.cswitl]  o  =  A/15 (01 k~o =  0.419)  fol’ 6’ = O .  ‘1’IIC

])cljl-littivit,~  ~oftllcs L1lfaccsis  45-1 i30, aIld tl)(:stl~ft\cctc  llll)cltltlll(!  isasslll  I-lccl

to Lc Yb = 3 0 0  dcglux l<clvill.

SaInc  as F i g u r e  2 cxc.cpt  f o r  O = 50  dcgrcxs.

Glll]mrisoll  of tll]c  })olarilnctric  Stolms vectors  v e r s u s  tl)c O calculiltcd  l)y  using

h40]1tc  ~arlc) silnulatic)ll  al]d tlIc Sl)h4  for ollc-cli]l)cllsic)llal  })cridic  ralldolIl

mug]}  surfacws  wit]] 0  = A/15  (or koo = 0 . 4 1 9 )  for @ =- 45. ‘J1lIC l)ctInittivity  of
tl]c surfaces is 45 -[ i30, and  tllc  su?facc tclI]l)craturc  is assumccl to%c ~~ T 300
dcgrccs  Kc] vill.

SaInc as 1<’igurc 2 cxcq)t  for a = A/l O (m L-00 = 0 .628) .

Same as 11’ig~~rc  ‘2 cxc.q)t for  o : ,X/l () (or k~o = 0 . 6 2 8 ) .

(k)l]crcl]il a]Id i]]col]crc]]tl rcflcc(ivitics  of 1  -dilIlc]]sional
]atcd by usi]]g  {llc S 1  ‘N4 for O = 50 dcgqccs.

)112!]1  S i l l ’ f : iCCS C.alCU-
l’amlllctc’rs  ZI1’c tllc! S: IIIIC a s  tll[)sc

usd for F’igurc  2.

c~O]l(!l’C.llt  a n d  ill  C.O]lCl(!ll~  l’CflCCtiVitiCS  O f  ]  -dill”lCIJSiOlla]  I’C)UF;]l  Slll”faCCS  C.a]C.ll-

latc(l  by using  tile  S I ’ M  f o r  ~) : 45 (lcp;rcws. l’aralllctm aI’c tll(!  Sal!lc as tllosc!

lISC(I  for  Fi,g;m’c 2.

Azi]nutll  CICI)CIICICIICC  of tl]c  l)olarilllctric  m]]issivitics  (tllc S t o k e s  vcctol.  IIOI-
lI]ali7,d  by 2’:) a t  ]ladir vicwillg. ‘J’lIc \ITtI\TCIIIIIIJ1.)CI  c.utc)fl’ is sclcctd so that
/:00 I ( ) . 2 5  for t,llc clll])irical sca s u r f a c e  s])cctrllln. .f = 1 9 . 3 5  G117<.  7: = ’ 2 0
dcgrcws (;e]sius. Szdillity  is 35 0 /00. l’cl*]]ittivity of scfi surfac.c is calculaicd by
IlsillF; tl]c clll])ilicml  folll)ula ])rcsclltcd ill [I<lcilj  ?IIICI Slvift, 1977].

Willc]  s])ccd  dcl)c])dmcc of  10 a])d Q() at, 1 9 . 3 5  C;llz. Sllrfacc I)al’?llllct’cl’s al’c
tlll(! Sall”lc!  as tllosc of l“ip;ul’c  9.

l~~i:)d S])CCCI dc])c]]dcl]cc o f  Iz, Q2, :IIIC1 /J2 tit  19.35  G}]x. Surfaw ]Wallldcl’s

aIc tl)c SZIII]C as tllosc of l“igurc  9.
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